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There has been extensive research on impaired emotion recognition in schizophrenia in the 
facial and vocal modalities. The literature points to biases toward non-relevant emotions for 
emotional faces but few studies have examined biases in emotional recognition across 
different modalities (facial and vocal). In order to test emotion recognition biases, we 
exposed 23 patients with stabilized chronic schizophrenia and 23 healthy controls (HCs) 
to emotional facial and vocal tasks asking them to rate emotional intensity on visual analog 
scales. We showed that patients with schizophrenia provided higher intensity ratings on 
the non-target scales (e.g., surprise scale for fear stimuli) than HCs for the both tasks. 
Furthermore, with the exception of neutral vocal stimuli, they provided the same intensity 
ratings on the target scales as the HCs. These findings suggest that patients with chronic 
schizophrenia have emotional biases when judging emotional stimuli in the visual and vocal 
modalities. These biases may stem from a basic sensorial deficit, a high-order cognitive 
dysfunction, or both. The respective roles of prefrontal-subcortical circuitry and the basal 
ganglia are discussed. 
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INTRODUCTION 

Chronic schizophrenia is a disabhng disease that encompasses both 
cognitive and emotional disorders (Irani etal., 2011). In recent 
decades, emotion recognition impairments have received partic- 
ular attention (Tremeau, 2006), not least because of their impact 
on social functioning (Kee etal., 2003). A better understanding 
of emotional impairment in chronic schizophrenia could lead to 
new therapies (e.g., emotional remediation) and improve social 
functioning (Penn etal., 2009). 

The processing of emotional stimuli in schizophrenia has been 
investigated in several modalities. Some studies, for instance, have 
explored the visual modality with faces (see Kohler et al., 2010, for 
review and meta-analysis) while others have used vocal stimuli, 
such as emotional prosody (see Hoekert etal., 2007, for review 
and meta-analysis). These two meta-analyses revealed constant 
and replicable impairment of the perception of emotional faces 
and prosody and some clinical features, such as subtype, sever- 
ity and medication, were found to be related to the impaired 
perception of emotional faces or prosody. 

In addition, few studies have adopted an approach across sen- 
sorial modalities, exposing the same patients to both vocal and 
facial stimuli in two independent tasks. In their review, Edwards 
etal. (2002) examined seven studies featuring both facial and 
prosodic emotion recognition tasks. Results revealed a deficit in 
emotion recognition in both modalities, but highlighted several 
methodological issues, including clinical and demographic fea- 
tures. In particular, none of these studies examined the results 



for categorical emotions but used an overall score. Further- 
more, the issue of subtype of schizophrenia is important because 
patients with early schizophrenia showed different performance 
than patients with chronic schizophrenia. For example, Edwards 
etal. (2001) identified a specific deficit in the recognition of fear 
and sadness in both modalities, in patients experiencing their 
first episode whereas Ramos-Loyo etal. (2012) demonstrated a 
specific deficit for fear across the two modalities in a group of 
patients with a paranoid subtype. As for Kucharska-Pietura et al. 
(2005), when they examined the recognition of emotion across 
both modalities in patients in either the early or the late stages 
of schizophrenia, they found that patients in the late stage of 
schizophrenia performed worse in both modalities and for all 
emotions than patients in the early stage and healthy controls 
(HCs). They concluded that emotion recognition impairments 
increase as the disease progresses. In daily life situations, we 
use simultaneously visual and vocal cues for recognizing emo- 
tion (de Gelder and Vroomen, 2000). Both patients and controls 
gain from combining modalities (i.e., visual and vocal; Fiszdon 
and Bell, 2009) but patients with schizophrenia still show poorer 
recognition abilities compared to controls when performing mul- 
timodal recognition tasks (de Gelder etal., 2005; de long etal., 
2009) . In order to attain a further understanding of emotion recog- 
nition impairment in schizophrenia, other studies have sought to 
identify recognition biases. An emotional bias is a systematic devi- 
ation in the emotional processing. Several studies have examined 
biases in emotional recognition in facial modality. In patients with 
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chronic schizophrenia, Kohler et al. (2003) described an emotional 
bias resulting in the over-attribution of disgust and the under- 
attribution of happiness when labeling neutral faces. Habel et al. 
(2010) found that, compared with HCs, patients with schizophre- 
nia over-attributed fear or anger to neutral stimuli. Premkumar 
etal. (2008), meanwhile, described an over-attribution of fear 
to angry expressions in a mixed population of outpatients with 
schizophrenia and schizoaffective disorders. In another study, 
men with chronic schizophrenia overattributed anger to neu- 
tral faces, whereas neutral faces were mistaken as sad faces by 
women with chronic schizophrenia (Weiss et al, 2007). Moreover, 
it has been suggested that patients with paranoid schizophrenia 
categorize neutral faces as angry, whereas patients with non- 
paranoid schizophrenia categorize them as sad (Pinkham etal., 
2011). Only a few number of studies focused on bias in emo- 
tional recognition using vocal modality. Shea et al. (2007) showed 
that only patients with schizophrenia with auditory hallucina- 
tions are more likely to misattribute emotional prosody to neutral 
stimuli than patients without auditory hallucinations and HCs. 
Finally, a recent study investigated biases in emotion recogni- 
tion in patients with stable schizophrenia in two modalities (i.e., 
visual or vocal) and multimodal settings (i.e., both visual and 
vocal; Thaler et al., 2013). In this study, patients exhibited a nega- 
tive over-attribution during the vocal recognition. For a stimulus 
considered as neutral. Thaler et al. (2013) showed a negative over- 
attribution for the visual modality and a positive over-attribution 
for vocal and multimodal task in a group of patients with chronic 
schizophrenia. However, in this study, biases were examined 
toward only neutral stimuli and it is unclear whether emotional 
biases are observed across modalities for a large panel of emotional 
categories. 

The present study was designed to test emotional biases in 
chronic schizophrenia in two modalities (facial and vocal) of 
emotion recognition. To avoid categorization biases, we asked par- 
ticipants to provide intensity ratings on a set of emotional visual 
analog scales in two facial and vocal emotion tasks taken from 
Peron et al. ( 20 1 0, 20 1 1 ) . This new method allowed intensity rating 
on target scales (i.e., rating intensity on the emotional scale corre- 
sponding to the relevant stimuli) and on several non-target scales 
(i.e., rating intensity on all the other emotional scales). Consistent 
with previous studies on emotional biases in the visual modality 
and vocal modality, we hypothesized that patients with chronic 
schizophrenia would show more emotional bias (by attribution 
of greater intensity on non-target scales) in the two sensorial 
modalities. 

MATERIALS AND METHODS 
PARTICIPANTS 

Twenty-three (15 men and 8 women) patients with chronic 
schizophrenia and 23 (12 men and 11 women) HCs participated 
in this study. All participants were native French speakers. 

Patients who tested as clinically stable were recruited from out- 
patient units at Guillaume Regnier Hospital (Rennes, France). 
The diagnosis of schizophrenia was established by a clinically 
trained psychiatrist according to the Mini International Neuropsy- 
chiatric Inventory (Sheehan etal, 1998), based on the criteria of 
the Diagnostic and Statistical Manual of Mental Disorders, Fourth 



Edition (DSM-IV; American Psychiatric Association, 1994). All 
the patients were taking antipsychotic medication at the time of 
testing. Six were also taking antidepressants (selective serotonin 
reuptake inhibitors). 

We also recruited 23 HCs. Inclusion criteria for HCs were no 
current or past mental illness or any psychotropic treatment. 

Exclusion criteria for all participants were neurological and 
systemic illness, head injury with loss of consciousness longer than 
1 5 min, significantly impaired vision or auditory acuity, and a score 
below 130 on the Mattis Dementia Rating Scale (MDRS; Mattis, 
1988). 

Patients and HCs were matched on sex, age, education level and 
handedness (Edinburgh Handedness Inventory; Oldfield, 1971). 
The clinical and demographic characteristics of the two groups are 
set out in Table 1. 

Written informed consent was obtained from each participant 
and the study was conducted in accordance with the Declaration 
of Helsinki. The study was approved by the local ethics committee 
(CPP Quest II- Angers; no. 2012/16). 

PSYCHOPATHOLOGICAL AND NEUROPSYCHOLOGICAL ASSESSMENT 

The current severity of the patients' psychiatric symptoms was 
assessed using the Positive and Negative Syndrome Scale (Kay 
et al, 1987), which is divided into three subscales (positive symp- 
toms, negative symptoms and general psychopathology), the Scale 
for the Assessment of Negative Symptoms (Andreasen, 1982) and 
the Calgary Depression Scale for Schizophrenia (Addington et al., 
1992). 

In order to assess the relationship between cognitive dysfunc- 
tion and emotion processing, participants underwent a neuropsy- 
chological assessment by a trained neuropsychologist (Table 2). 
This assessment took place in single 1-h session prior to the 
emotional tasks. We used the MDRS to assess overall cogni- 
tive functioning, and the Digit Span subtest of the Wechsler 
Adult Intelligence Scale (WAIS-III; Wechsler, 1997) to examine 
verbal short-term and working memory. Processing speed and 
attention were evaluated by the Digit Symbol-Coding subtest of 
the WAIS-III (Wechsler, 1997). A battery of tests was used to 
assess executive functions: the categorical and literal fluency test 
(Cardebat etal, 1990), a Stroop Test (Stroop, 1935), the Trail 
Making Test (TMT; Reitan, 1958), and Nelson's modified ver- 
sion of the Wisconsin Card Sorting Test (MCST; Nelson, 1982). 
The integrity of the early stages of face perception was verified 
using the short version of the Benton Facial Recognition Test 
(Benton etal, 1983). To ensure that the participants were free 
of auditory impairment, they underwent the Montreal-Toulouse 
auditory agnosia battery (PEGA; Agniel etal., 1992). Results 
of the PEGA and the Benton Facial Recognition Test showed 
that none of the participants had any auditory impairment or 
prosopagnosia. 

FACIAL STIMULI 

This task featured two different sets of 56 emotional facial expres- 
sions produced by eight actors (four male and four female) per 
set. Six emotions (fear, disgust, anger, sadness, surprise, and 
happiness) were depicted, alongside neutral faces. For each emo- 
tion, there were four male faces and four female ones, making 
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Table 1 | Clinical and demographic characteristics of patients with schizophrenia and healthy control participants. 

Schizophrenia patients Healthy controls Stat. val. p-value 

Mean (SD) Mean (SD) 



Age (years) 


33.92 (7.27) 


36.51 (7.23) 


t = 0.46 


0.46 


Sex (male/female) 


15/8 


12/11 


X2 = 0.81 


0.37 


Edinburgh Handedness Quotient 


85.87 (33.05) 


85 (32.79) 


f = -0.09 


0.93 


Education (years) 


12.70 (2.01) 


13.13 (1.79) 


f = 0.77 


0.44 


Duration of illness (years) 


12.43 (6.50) 








PANSS (overall score) 


66.30 (18.58) 








PANSS (positive subscale) 


10.91 (3.54) 








PANSS (negative subscale) 


23.52 (9.11) 








PANSS (general psychopathology) 


31.86 (8.64) 








SANS score 


46.09 (25.37) 








Neuroleptic dosage (CPZ equivalent) 


680.39 (461.56) 








Patients on antidepressants (%) 


26.09% 









Stat, val., statistical values; PANSS, Positive and Negative Syndrome Scale; SANS, Scale for the Assessment of Negative Symptoms; CPZ, chlorpromazine; t, t-test 
for two independent groups. 



Table 2 | Neuropsychological background of patients with schizophrenia and healthy control participants. 



Schizophrenia patients 
Mean (SD) 



Healthy controls 
Mean (SD) 



Stat. val. 
t-test for two 
independent groups 



p-value 



MDBS (max. 144) 
Digit span 

Verbal fluency 



Stroop 
TMT 



MCST 



Digit Synnbol-Coding 
(WAIS III) 

PEGA (max. 30) 
Benton Facial 
Recognition Test 



Forward 
Backward 
Categorical 
(2 min) 

Phonemic (2 min) 
Interference 
A (seconds) 
B (seconds) 
B-A (seconds) 
Categories 
(max. = 6) 
Errors 

Perseverative 
errors 



13774 (6.64) 

5.91 (1.28) 
4.87 (1.14) 
24.91 (8.02) 

19.52 (754) 
-0.55 (8.56) 
46.78 (1724) 
100.65 (53.63) 
53.87 (43.92) 
5.87 (0.43) 

2.87 (2.75) 
0.87 (1.49) 

53.62 (14.31) 

29.04 (1.15) 
46.57 (3.26) 



141.43 (1.75) 

5.74 (0.92) 
4.61 (1.47) 
31.13 (6.97) 

21.39 (6.65) 
3.85 (8.14) 
31.96 (10.31) 
64.35 (19.30) 
32.39 (15.36) 
6(0) 

2.70 (740) 
0.04(0.21) 

74.13 (19.52) 

29.34 (0.93) 
45.61 (5.79) 



2.58 
-0.53 
-0.67 

0.89 

2.81 
1.79 
-3.54 
-3.05 
-2.21 
1.45 

-0.11 
-2.64 

4.06 

-0.69 
0.99 



0.01 
0.60 
0.50 
0.38 

0.007 
0.08 
<0.001 
0.004 
0.03 
0.15 

0.91 
0.01 

<0.001 

0.49 
0.33 



Stat val., statistical values; MDBS, Mattis Dementia Rating Scale; TMT Trail Making Test; MCST Milner Card Sorting Test; WAIS III, Weschler Adult Intelligence Scale; 
PEGA, Montreal-Toulouse auditory agnosia battery. 
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a total of eight stimuli per emotional category. These pho- 
tographs were taken from Ekman and Friesen's Pictures of Facial 
Affect (Ekman and Friesen, 1978) and the Karolinska database 
(Lundqvist etal., 1998). Mean luminance, apparent contrast and 
spatial frequency were adjusted according to Delplanque etal. 
(2007). Each photograph was displayed until the response of 
participants on all intensity rating scales. Patients and HCs 
were assessed with two versions of emotional facial recogni- 
tion task because patients were included in another follow-up 
study. Eleven patients with schizophrenia and 11 HCs were 
assessed with Version A (corresponding to the first set of 56 
emotional facial expressions). Twelve patients and 12 HCs were 
assessed with the Version B (corresponding to the second set of 
stimuli). 

VOCAL STIMULI 

The vocal stimuli were taken from the Montreal Affective Voices 
database developed and validated by Belin etal. (2008). They 
consisted of non-verbal affect bursts devoid of semantic content 
(vowel "ah"). We selected two sets of 35 vocal stimuli pronounced 
by 10 actors (five men and five women). Seven categories were 
used in this study (anger, disgust, fear, happiness, sadness, and 
surprise, plus a neutral stimulus). The mean duration of the 
stimuli was 1084.87 ms (range: 240-4310 ms) and the mean 
energy of the stimuli was 73.40 dB (range: 47.5-85 dB). Par- 
ticipants were told that they could listen again to each stimulus 
as many as six times, by clicking on a button on upper right 
the computer interface. All stimuli were played binauraUy via 
stereo headphones. For the reasons described above, patients and 
HCs were assessed with two versions of emotional vocal recogni- 
tion task. Eleven patients with schizophrenia and 1 1 HCs were 
assessed with Version A (corresponding to the first set of 35 
emotional vocal expressions). Twelve patients and 12 HCs were 
assessed with the Version B (corresponding to the second set of 
stimuli). 

EMOTION RECOGNITION PROCEDURE 

We administered two emotional tasks: a facial emotion recognition 
task featuring facial stimuli and a vocal emotion recognition task 
featuring vocal stimuli. The facial emotion recognition task was 
always performed before the vocal emotion recognition task. The 
procedure was the same for both. Participants were seated in a 
quiet room, in front of a computer. Each condition (faces or voices) 
was displayed by an Authorware program. 

At the beginning of each trial, a progress bar appeared on the 
computer screen. This was followed by the stimulus and par- 
ticipants were asked to rate its emotional content on scales that 
were simultaneously displayed on the screen. More specifically, 
participants were instructed to indicate the extent to which the 
different emotional categories were expressed on visual analog 
scales ranging from Not at all (scoring 0) to Very much (scoring 
100). Participants therefore rated each stimulus on seven scales 
(anger, disgust, fear, happiness, sadness, and surprise, plus neu- 
tral). When participants completed all assessments of intensity, a 
button appeared and the next stimulus could be played by click- 
ing on this button. They were given two examples per task, not 
used in the main task, in order to familiarize themselves with the 



procedure. An example of the computer interface for the both 
emotional tasks was provided in Figure 1. 

The entire protocol was completed in 90 min with a pause 
between clinical assessments and evaluation of emotion recogni- 
tion. 

STATISTICAL ANALYSIS 

For the two emotion recognition tasks (facial and vocal), we 
performed two levels of analysis. 

Categorical judgments 

First, we compared the percentages of correct responses for the 
two tasks. For each trial, we compared the rating of intensity for 
each scale. A response was deemed to be correct when a participant 
rated the target scale higher than all the non-target scales. If the 
intensity were higher for the target scale (e.g., the anger scale for 
an angry face), we scored "1"; if not we scored "0." We summed 
the score for each task and for each emotional category and then, 
we calculated the percentage of correct responses. We performed 
a repeated measures ANOVA with group (two levels: patients and 
HCs) as the between-subjects variable and task (two levels: visual 
and. vocal) and emotion (seven levels: anger, fear, sadness, disgust 
surprise, happiness, and neutral) as the within-subjects variable. 

Intensity ratings 

Then, we compared the ratings given by the two groups for each 
task (facial and vocal) on the scales for each type of emotion 
and for each individual scale, distinguishing between ( 1 ) the tar- 
get scales, that is, the mean ratings on the scales (e.g.. Anger 
scale) corresponding to the relevant stimuli (e.g., anger stim- 
ulus), and (2) the non-target scales, that is, the mean ratings 
on the scales that did not correspond to the stimuli (e.g.. Fear 
scale for anger stimulus). This second analyses enabled us to take 
into account target ratings on incorrect responses (e.g., when 
recognizing an "anger" stimuli, rating 80% on the "anger" scale 
and "90%" on the surprise scale). In order to pinpoint impaired 
emotion biases in schizophrenia, we performed contrasts for the 
non-target ratings for each condition. To this end, we ran repeated- 
measures ANOVA with group (patients and HCs; two levels) as a 
between-participants factor, and emotion (seven levels) and scale 
(seven levels) as within-participants factors. We compared the HC 
and patient groups on each emotional category and each rating 
scale. 

Others 

Sociodemographic, psychiatric and neuropsychological data were 
compared using at-test for two independent groups for two 
independent groups (patients and HCs). 

Versions A and B of the emotional recognition tasks were com- 
pared using a f-test for two independent groups (version A versus 
Version B) in the HC group. 

Correlations between (1) clinical assessments and daily neu- 
roleptic dose and vocal and facial emotion recognition (2) 
executive functions performances and the results of the emotion 
recognition tasks were assessed using Spearman's rank correlation 
coefficient for the patients group. 

Statistical analyses were performed using Statistica 8.0. The 
significance threshold was set at p = 0.05. 
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FIGURE 1 I Computer interface for the facial emotional tasli. 



RESULTS 

NEUROPSYCHOLOGICAL ASSESSMENTS 

The patients with schizophrenia scored significantly lower than 
HCs on the MORS (t = 2.58;p = 0.0l), categorical fluency {t = 2.8; 
p = 0.007), TMT Part A (f = -3.54; p < 0.001), TMT Part B 
(f = -3.05; p = 0.004), TMT B-A {t = -2.21; p = 0.03), MCST 
perseverative errors {t = —2.64; p = 0.01), and the Digit Symbol- 
Coding subtest (f = 4.06; p < 0.001), but not on any of the other 
cognitive tests (see Table 2). 

EMOTION RECOGNITION TASKS 

Analysis of categorical judgments (Table 3 and Figure 2) 

Analysis revealed an Emotion x Task interaction [f (6,264) = 17.97, 
p < 0.001, partial = 0.39] . Contrasts revealed that participants 
performed better at "anger" [f (1,44) = 34.08, p < 0.001] and 
"surprise" [P(l,44) = 154.89, p < 0.001] stimuh during the facial 
recognition task. Conversely, participants performed better at 
"sadness" [P(l,44) = 19.95,p < 0.001] and"fear" [F(l,44) = 5.31, 
p = 0.03] in vocal recognition task. 

Analysis revealed a main effects of task [P(l,44) = 17.30, 
p < 0.001, partial t]^ = 0.28] and a main effect of emotion 
[f (6,264) = 25.38, p < 0.001, partial r]^ = 0.37]. A main effect of 
group was observed [f( 1,44) = 12.58,p < 0.001, partial = 0.22]. 
Patients were less accurate than HCs. 



There was no Group x Emotion interaction [^(1,44) = 1.75, 
p = 0.13, partial = 0.04], no Group x Task interac- 
tion [f(l,44) = 1.64, p = 0.21, partial = 0.04] and no 
Group X Task x Emotion [f(6,264) = 1.93, p = 0.10, partial 
Ti^ = 0.04]. 

Intensity ratings 

Facial recognition emotion task (Figure 3). The significant dif- 
ferences between the two groups on intensity ratings of target 
emotions on the non-target scales are shown in Figure 3. We 
found a Group x Emotion x Scale interaction, f (36, 1584) = 4.21, 
p < 0.0001, partial eta-squared (r|^) = 0.09. Analysis revealed 
main effects of emotion, f (6,264) = 23.97, p < 0.001, partial 
Ti^ = 0.35, group, f(l,44) = 6.50, p = 0.01, partial x]^ = 0.13, 
and scale, P(6,264) = 18.26, p < 0.001, partial ^^ = 0.29, and an 
Emotion x Scale interaction, F(36,1584) = 273.55, p < 0.001, 
partial = 0.86. There was no Group x Emotion interac- 
tion, f (6,264) = 1.59, p = 0.15, partial ^^ = 0.03, and no 
Group X Scale interaction, P(6,264) = 0.85, p = 0.53, par- 
tial Ti^ = 0.02. Results of the extended statistical analyses for 
each stimulus and each scale are reported next. Anger stimu- 
lus. Ratings on the Anger Scale showed no significant difference 
between SCHZ and HC [P(l,44) = 1.77, p = 0.19]. Contrasts 
showed that SCHZ rated the Neutral scale [P(l,44) = 5.41, 
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Table 3 | Number of correct responses, expressed as a percentage of 
total responses (standard errors, SE) for categorical judgments in the 
facial and vocal emotion recognition tasl<s of patients with 
schizophrenia and healthy controls. 







Schizophrenia 
patients 
Mean (±SE) 


IHealthy 
controls 
Mean (±SE) 


Facial emotion 


Anger 


68.24 (19.28) 


79.34 (20.00) 


Recognition task 


Disgust 


58.93 (27.64) 


82.61 (1757) 




Fear 


54.89 (24.35) 


52.17 (26.56) 




Happiness 


90.22 (14.58) 


9783 (4.84) 




Neutral 


70.65 (24.89) 


84.24 (1776) 




Sadness 


6793 (22.87) 


72.28 (19.93) 




Surprise 


88.04 (20.81) 


9783 (6.14) 




Overall 


71.28 (10.93) 


80.90 (8.28) 


Vocal emotion 


Anger 


41.74 (19.92) 


60.87 (1756) 


Recognition task 


Disgust 


62.61 (30.33) 


83.48 (19.68) 




Fear 


53.04 (24.58) 


73.04 (26.01) 




Happiness 


86.09 (24.45) 


99.13 (4.17) 




Neutral 


74.78 (33.15) 


86.96 (21.41) 




Sadness 


82.61 (22.81) 


92.17 (11.66) 




Surprise 


51.30 (30.05) 


48.70 (20.74) 




Overall 


64.60 (13.91) 


7776 (721) 



p = 0.02], the Happiness Scale [f(l,44) = 7.63, p = 0.008], 
the Fear scale [P(l,44) = 6.41, p = 0.01] and the Disgust scale 
[f (1,44) = 8.34, p = 0.006] significantly higher than HC did. 
Disgust stimulus. Rating on the Disgust Scale showed no sig- 
nificant difference between SCHZ and HC, [P(l,44) = 1.90, 
p = 0.18]. Contrasts showed that SCHZ rated the Neutral scale 
[f(l,44) = 5.33, p = 0.03], the Fear scale [f(l,44) = 6.11, 
p = 0.02], the Sadness scale [f(l,44) = 9.19, p = 0.004] 
and the Anger scale [f(l,44) = 13.71, p < 0.001] signifi- 
cantly higher than HC did. Fear stimulus. Rating on the "Fear" 
scale showed no significant difference between SCHZ and HC, 



[_F(1,44) = 0.65, p = 0.42]. Contrasts showed that SCHZ rated 
the Neutral scale [f(l,44) = 4.25, p = 0.045], Anger scale 
[f(l,44) = 8.99, p = 0.004], Happiness scale [P(l,44) = 5.07, 
p = 0.03] and the Sadness scale lf(l,38) = 8.92, p = 0.005] 
significantly higher than HC did. Happiness stimulus. Rating 
on "Happiness" scale, contrasts showed no significant difference 
between SCHZ and HC [f(l,44) = 0.25, p = 0.61]. Contrasts 
showed that SCHZ rated the Neutral scale [P(l,44) = 11.99, 
p = 0.00 1 ] significantly higher than HC did. Neutral stimulus. Rat- 
ing on "Neutral" scale, contrasts showed no significant difference 
between SCHZ and HC ]P(1,44) = 3.47, p = 0.07]. Contrasts 
showed that SCHZ rated the Happiness scale Jf(l,44) = 7.36, 
p = 0.009], Fear scale [F(l,44) = 5.87, p = 0.02], Disgust scale 
Jf(l,44) = 5.35,;?= 0.03] and the Surprise Scale (1,44) = 5.24, 
p = 0.03] significantly higher than HC did. Sadness stimulus. 
Rating on the "Sadness" scale showed no significant difference 
between SCHZ and HC, [P(l,44) = 0.2, p = 0.90]. Contrasts 
showed that SCHZ rated the Neutral scale ]P(1,44) = 3.35, 
p = 0.03] significantly higher than HC did. Surprise stimu- 
lus. Rating on "Surprise" scale showed no significant difference 
between SCHZ and HC 1P(1,44) = 0.44, p = 0.51]. Contrasts 
showed that SCHZ rated the Neutral scale 1P(1,38) = 5.24, 
p = 0.03], Happiness scale [f(l,44) = 6.13, p = 0.02] and the 
Fear Scale [P(l,44) = 5.55, p = 0.02] significantly higher than 
HC did. 

Vocal recognition emotion task (Figure 4). Figure 4 shows the 
significant differences between patients and HCs on intensity 
ratings of target emotions on the non-target scales. We found 
a Group x Emotion x Scale interaction, f(36,1584) = 3.68, 
p < 0.001, partial = 0.08. Analyses revealed main effects of 
emotion, P(6,264) = 4.96, p < 0.001, partial ^^ = 0.10, and 
scale, ^(6,264) = 11.53, p < 0.001, partial ^^ = 0.21, and Emo- 
tion X Scale, P(36,1584) = 198.95, p < 0.001, partial Ti^ = 0.82, 
Group X Emotion, f (6,264) = 3.28, p = 0.003, partial ti^ = 0.07, 
and Group x Scale, f (6,264) = 2.25, p = 0.04, partial ti^ = 0.05 
interactions. There was no effect of group, P( 1 ,44) = 3.02, 0.09, 
partial t)^ = 0.06. Results of the extended statistical analyses 
for each stimulus and each scale are reported next. Anger stim- 
ulus. Rating on "Anger" scale showed no significant difference 
between SCHZ and HC lf(l,44) = 1.77, p = 0.19]. When the 
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FIGURE 2 I Accuracy in percentage of correct responses for facial and vocal emotion recognition task. Error bars indicate standard errors of mean. 
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indicate standard errors of mean. 
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Stimulus was "Anger," contrasts showed that SCHZ rated the Neu- 
tral [P( 1,44) = 5.37, p = 0.03], Fear scale [P( 1,44) = 6AS,p = 0.01 ] 
and the Sadness scale [^(1,44) = 4.59, p = 0.04] significantly 
higher than HC did. Disgust stimulus. Rating on "Disgust" scale, 
contrasts showed no significant difi^erence between SCHZ and 
HC, [P(l,44) = 3.34, p = 0.07]. Contrasts showed that SCHZ 
rated the Happiness [f(l,44) = 3.67, p = 0.06], Anger scale 
[f(l,44) = 5.01, p= 0.03] and the Surprise scale [f (1,44) = 4.52, 
p = 0.04] significantly higher than HC did. Fear stimulus. Rating 
on "Fear" scale, contrasts showed no significant difference between 
SCHZ and HC, [^(1,44) = 2.56, p = 0.12]. Contrasts showed 
that SCHZ rated the Neutral scale [P(l,44) = 6.63, p = 0.01], 
Happiness scale [^(1,44) = 5.43, p = 0.02] and the Sadness 
scale [P(l,44) = 5.48, p = 0.02] significantly higher than HC 
did. Happiness stimulus. Rating on "Happiness" scale showed no 
significant difference between SCHZ and HC [-F(l,38) = 2.39, 
p = 0.13]. Contrasts showed that SCHZ rated the neutral scale 
[F(l,38) =4.55, p = 0.04] and the Surprise scale [f(l,44) = 5.03, 
p = 0.03] significantly higher than HC did. Neutral stimulus. 
Rating on "Neutral" scale showed significant difference between 
SCHZ and HC [F(l,44) = 4.54, p = 0.04]. Contrasts showed 
that SCHZ rated the Happiness scale [P(l,38) = 6.38, p = 0.02] 
significantly higher than HC did. Sadness stimulus. Rating on 
"Sadness" scale showed no significant difference between SCHZ 
and HC, [F(l,44) = 1.59, p = 0.21]. Contrasts showed that 
SCHZ rated the Neutral scale [f (1,44) = 7.43, p = 0.009] and 
the Happiness Scale [f(l,44) = 4.31, p = 0.04] significantly 
higher than HC did. Surprise stimulus. Rating on "Surprise" 
scale showed no significant difference between SCHZ and HC 
[f(l,44) =2.22,p = 0.14]. Contrasts showed that SCHZ rated the 
Happiness scale [f(l,44) = 9.69, p = 0.003] significantly higher 
than HC did. 

VERSION A VERSUS VERSION B COMPARISON 

No significant difference was found between the accuracy (per- 
centage of correct responses) in the HC group for version A 
and B for facial recognition task (t = 0.50; p = 0.62) and vocal 
recognition task {t= —0.23; p = 0.82). 

CORRELATIONS BETWEEN EMOTION RECOGNITION RESULTS AND 
CLINICAL VARIABLES IN THE PATIENTS WITH SCHIZOPHRENIA 

We found a significant correlation between the PANSS scores and 
the overall scores on the facial (r = —0.42; p = 0.04) and vocal 
(r = —0.43; p = 0.04) emotion recognition tasks. More specifically, 
scores on the PANSS positive subscale were correlated with overall 
scores on the facial (r = —0.54; p = 0.008) and vocal (r = —0.60; 
p = 0.002) recognition tasks, and scores on the PANSS general 
psychopathology subscale were correlated with overall scores on 
the facial (r = -0.51; p = 0.01) and vocal (r = -0.55; p = 0.006) 
recognition tasks. 

Spearman's correlation coefficients showed a significant cor- 
relation between digit span forward and the overall score on the 
vocal emotion recognition task (r = 0.58; p = 0.004), and between 
perseverative errors on the MCST and the overall score on the 
facial emotion recognition task {r = 0.43; p = 0.04). None of 
the other cognitive tests were shown to be related to the overall 
scores. 



DISCUSSION 

In this study, we sought to pinpoint the presence of emotional 
biases in both facial and vocal emotion recognition in chronic 
schizophrenia, controlling for confounding factors. In both the 
visual and vocal modalities, our main findings pointed to emo- 
tional biases in the patients' ratings of emotional intensity of all 
the target emotions. 

Using an original emotion recognition procedure that had 
already been validated (Peron etal, 2010, 2011), we compared 
a group of 23 patients with chronic schizophrenia and 23 HCs 
on the recognition of emotion in both visual and vocal modalities. 
We used two complementary methods to analyze performances on 
the two emotional tasks. In what was effectively a forced-choice 
procedure, participants produced the categorical judgments that 
are classically used in the literature. Thus, in our first analysis, 
we compared the percentages of correct responses provided by the 
two groups in order to assess these categorical judgments. Our sec- 
ond analysis allowed us to describe the emotion recognition biases 
in greater depth, by looking at the intensity ratings provided for 
each emotional category. Results for categorical judgments (i.e., 
number of correct responses expressed as a percentage of total 
responses) for the two emotional tasks revealed that patients with 
schizophrenia performed more poorly than HCs. However, we 
failed to demonstrate an effect of modality on emotional recogni- 
tion impairments for patients with schizophrenia. Very few studies 
have compared the effect of modality (vocal vs. visual) on emotion 
recognition, and their designs are too heterogeneous to draw clear 
conclusions. 

At a second level of analysis, the patients with schizophrenia 
were found to be less discriminative than HCs in their intensity 
ratings for both modalities (facial and vocal). Although they pro- 
vided the same intensity ratings on the target scales (i.e., categorical 
judgments), they responded differently on the non-target scales 
thus exhibiting biases in their responses. These results are con- 
sistent with previous studies reporting emotional biases (Kohler 
et al., 2003) in chronic schizophrenia. 

Delusions and hallucinations in schizophrenia may contribute 
to the introduction of biases. Patients with greater positive 
(including delusions and hallucinations) and general symptoms 
(including anxiety, attentional deficit, and depression) achieve 
lower overall recognition scores in the two emotional paradigms 
(vocal and facial). Kee et al. (1998) reported a relationship between 
positive symptoms and facial and vocal emotion identification, 
consistent with greater impairment of emotion recognition in 
paranoid patients (Pinkham et al., 201 1). 

Moreover, patients with poorer digit span forward scores had 
poorer overall scores on the facial emotion recognition task, while 
a higher number of perseverations on the MCST was related 
to a lower overall score on the vocal recognition task. Bozikas 
etal. (2004) reported an association between neuropsychological 
deficits (especially in executive functions) and facial and vocal 
emotion identification. Our results point to a cognitive difficulty 
in inhibiting non relevant information (introducing biases) that 
could explain the deficit in facial and vocal emotion recognition 
in schizophrenia. 

The biases in emotion processing observed here can be 
explained in three ways. The first explanation refers to the sensory 
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deficit in schizophrenia. Several studies have reported a basic 
sensory disturbance in the processing of emotion in the facial 
(Turetsky et al, 2007; Wynn et al, 2008; Norton et al, 2009; Lapre- 
vote etal., 2010; McBain etal., 2010; Bedwell etal, 2013; Jahshan 
et al, 20 1 3) and vocal (Leitman et al, 2005, 2007, 20 1 0, 20 1 la; Gold 
etal., 2012; Kantrowitz etal., 2013) modalities. This is unlikely to 
be the case in our study since patients with basic sensory dis- 
turbances, as assessed with the Benton test and the PEGA, were 
excluded from our sample. However, one cannot rule out that 
biases in our sample were the due to a deficit in multisensory 
integration. 

The second explanation concerns the lack of cognitive con- 
trol in schizophrenia (Chambon etal., 2008; Lesh etal., 2011; 
Kring and Elis, 2013). Cognitive control is defined as the ability 
to mobilize cognitive resources to process relevant information 
and inhibit irrelevant information in daily life situations. Antice- 
vic and Corlett (2012) discussed interference between relevant 
and irrelevant emotional stimuli resulting in over-responsiveness 
to neutral stimuli. Similarly, in our study, we found that 
patients with schizophrenia provided extremely high intensity 
ratings on the neutral scale when they listened to neutral stim- 
uli. In a recent study featuring an emotion identification task 
with gradual exposure to stimuli, Lee etal. (2011) found that 
patients with schizophrenia explored happy and fearful faces dif- 
ferently. In an fMRI study, Fakra etal. (2008) examined the 
brain activity of patients with schizophrenia while they performed 
emotional face matching and identification tasks. Comparisons 
between patients and HCs revealed similar patterns of brain 
activity for the identification task, whereas the matching task 
was characterized by a lack of amygdala activity in the patient 
group, with patients undertaking more cognitive exploration 
than the HCs. According to Fakra etal. (2008), focusing on 
specific facial features requires more cognitive resources than 
overall exploration, and could explain the lack of amygdala 
activity. Using implicit and explicit tasks, Roux etal. (2010) 
demonstrated impairment for the explicit recognition of emo- 
tional prosody, whereas the implicit processing of emotional 
prosody (emotional version of the Stroop Test) was preserved. 
This study highlighted the impact of cognitive control on the 
processing of emotional prosody. This is likely to be the case 
here, as we found a relationship between overall performances 
and an executive function deficit in our sample of patients 
with chronic schizophrenia. Others studies yielded some expla- 
nations as to the mechanism behind the emotional deficit in 
schizophrenia, and highlighted the impact of misusing cognitive 
resources in emotion processing (Bach etal., 2009; Christensen 
etal, 2013). 

Third and last, the mutual influence of sensory disor- 
der and cognitive control impairment in schizophrenia may 
explain the emotional disorders described in the literature. In a 
recent study using event-related potentials, Pinheiro etal. (2013) 
reported impairment in both the early sensory and late cognitive 
stages of emotional prosody processing in patients with chronic 
schizophrenia. 

Schizophrenia is related to brain dysfunction, especially in the 
prefrontal striatonigral circuit. Some studies have shown that a 
dysfunction of the prefrontal cortex is related to the identification 



of emotional context in schizophrenia (Gur etal., 2007; Fakra 
etal., 2008; Leitman etal., 2011b). Using an emotional go/no go 
task, Vercammen etal. (2012) compared the fMRI brain activity of 
schizophrenia patients with that of healthy participants. Inhibit- 
ing responses to negative emotional stimuli elicited increased 
activity in a brain network including the prefrontal, cingulate 
and parietal cortices in healthy participants, but not in patients 
with schizophrenia. During the inhibition of responses to positive 
emotional stimuli, patients with schizophrenia exhibited greater 
activity in the dorsolateral prefrontal cortex than HCs. Other 
studies have reported a deficit in the balance of prefrontal cortex- 
amygdala activity in an easy emotion processing task (no cognitive 
load; Anticevic and Corlett, 2012) and an abnormal modulation 
in prefrontal-subcortical connectivity during a working mem- 
ory task (Anticevic etal., 2012). Some studies have highlighted 
the role of the primary sensory cortex in the impairment of 
emotion recognition. Rolls etal. (2008) described a dynamic neu- 
ral network in the frontal cortex with a stable state involved in 
several types of cognitive and emotion processing. This neural 
network can be affected by neural noise (i.e., stochastic neural 
firing), leading to maladaptive behavior that includes executive 
and emotional disorders. Moreover, the emotional noise observed 
in our study can be related to an imbalance between the pre- 
frontal cortex and the basal ganglia. Peron etal. (2013), based 
on Graybiel (1997) work, developed a model wherein the basal 
ganglia are involved in the generation of patterns of brain acti- 
vation related to habits (or engrams), of over-learned cognitive, 
motor, and emotional sequences in the context of emotional pro- 
cessing. These habits or engrams can be uploaded by the basal 
ganglia in order to adapt more quickly and more accurately. 
Graybiel (1997) postulated that the basal ganglia system plays 
a role in the generation of positive and negative symptoms in 
schizophrenia. 

This study had several limitations that need to be addressed. 
First, only 23 patients were assessed. However, we took care to 
recruit patients with the same clinical characteristics, in order to 
construct a homogenous group. Second, as described by Salgado- 
Pineda etal. (2005), dopamine influences emotion recognition. 
Our results may thus have been skewed by the patients' medi- 
cation (antipsychotics and, for some of them, antidepressants). 
Furthermore, we did not control for the physical properties (pitch, 
intensity and timbre) of the vocal stimuli we used, even though 
it is these variations in physical properties that create the pro- 
files of emotional prosodies (Banse and Scherer, 1996; Grandjean 
et al., 2006). Another limit might be that the emotional task order 
was not counterbalanced and the presentation of stimuli within 
a task was not randomized raising the issue of the practice effect 
of our tasks. However, all participants were familiarized with the 
procedure before the two emotional tasks. Practice effect had a 
major impact on reaction time which was not the main variable in 
the present study (Poulton, 1982). Moreover, others studies using 
similar tasks did not report practice effect (e.g.. Bach etal, 2009; 
Fiszdon and Bell, 2009). 

Further research is needed to investigate the involvement of 
cognitive control in the management of top-down and bottom-up 
processing, using both implicit and explicit emotion processing 
tasks. 
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In summary, this study showed that chronic schizophrenia 
induces emotional biases for all emotions in two sensory modal- 
ities (visual and vocal), and appears to cause interference in 
emotion recognition. There are now at least two mechanisms that 
need to be, considered if we are to explain impairments in emotion 
recognition: a deficit in sensory functions and a lack of cognitive 
control. These results could help to enhance current cognitive and 
emotional remediation in schizophrenia. 

ACKNOWLEDGMENTS 

We would like to thank Elizabeth Wiles-Portier for revising the 
English style as well as the reviewers for their precious comments 
on the earlier versions of this manuscript. We thank Dr. Florian 
Naudet (CIC INSERM 0203; Rennes) for his help in the statistical 
analysis of this study. The study was carried out at the Psychia- 
try Unit (Prof Bruno Millet) of GuiUaume Regnier Hospital in 
Rennes, France. This work was supported by a grant from the 
Fondation de la Recherche and the Fondation Pierre Deniker. The 
funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript. 

REFERENCES 

Addington, D., Addington, J., Maticka-Tyndale, E., and Joyce, J. (1992). Reliability 

and validity of a depression rating scale for schizophrenics. Schizophr. Res. 6, 

201-208. doi: 10.1016/0920-9964(92)90003-N 
Agniel, A., Joanette, P., Doyon, B., and Duchein, C. (1992). Protocole d'Evaluation 

des Gnosies Visuelles. Isbergues: OrthoEditions. 
American Psychiatric Association. (1994). DSM-IV: Diagnostic and Statistical 

Manual of Mental Disorders, 4th Edn. Washington, DC: American Psychiatric 

Press. 

Andreasen, N. C. (1982). Negative symptoms in schizophrenia. Definition 
and reUability. Arch. Gen. Psychiatry 39, 784-788. doi: 10.1001/arch- 
psyc.1982.04290070020005 

Anticevic, A., and Corlett, P. R. (2012). Cognition-emotion dysinteraction in 
schizophrenia. Front. Psychol. 3:392. doi: 10.3389/fpsyg.2012.00392 

Anticevic, A., Repovs, G., Krystal, J. H., and Barch, D. M. (2012). A broken filter: 
prefrontal functional connectivity abnormalities in schizophrenia during work- 
ing memory interference. Schizophr. Res. 141, 8-14. doi: 10.1016/j.schres.2012. 
07.007 

Bach, D. R., Buxtorf, K., Grandjean, D., and Strik, W. K. (2009). The influence of 

emotion clarity on emotional prosody identification in paranoid schizophrenia. 

Psychol. Med. 39, 927-938. doi: 10.1017/S0033291708004704 
Banse, R., and Scherer, K. R. (1996). Acoustic profiles in vocal emotion expression. 

/. Pers. Sac. Psychol 70,614-636. doi: 10.1037/0022-3514.70.3.614 
Bedwell, J. S., Chan, C. C, Cohen, O., Karbi, Y., Shamir, E., and Rassovsky, Y. (2013). 

The magnocellular visual pathway and facial emotion misattribution errors in 

schizophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry 44C, 88-93. doi: 

10.1016/j.pnpbp.2013.01.015 
Belin, P., FiUion-Bilodeau, S., and Gosselin, E (2008). The Montreal Affective 

Voices: a validated set of nonverbal affect bursts for research on auditory affective 

processing. Behav. Res. Methods 40, 531-539. doi: 10.3758/BRM.40.2.531 
Benton, A. L., Hamsher, K. S., Varney, N., and Spreen, O. (1983). Contribution 

to Neuropsychological Assessment: A Clinical Manual. Oxford: Oxford University 

Press. 

Bozikas, V. P., Kosmidis, M. H., KioperUdou, K., and Karavatos, A. (2004). Rela- 
tionship between psychopathology and cognitive functioning in schizophrenia. 
Compr Psychiatry 45, 392-400. doi: 10.1016/j.comppsych.2004.03.006 

Cardebat, D., Doyon, B., Puel, M., Goulet, P, and Joanette, P. (1990). Evoca- 
tion lexicale formelle et semantique chez des sujets normaux : performances et 
dynamiques de production en fonction du sexe, de Page et du niveau d'etude. 
Acta Neurol. Belg. 90, 207-217. 

Chambon, V., Eranck, N., Koechlin, E., Eakra, E., Ciuperca, G., Azorin, J. M., 
etal. (2008). The architecture of cognitive control in schizophrenia. Brain 131, 
962-970. doi: 10.1093/brain/awn032 



Christensen, B. K., Spencer, J. M., King, J. P., Sekuler, A. B., and Bennett, P. J. 
(2013). Noise as a mechanism of anomalous face processing among persons with 
Schizophrenia. Front. Psychol. 4:401. doi: 10.3389/fpsyg.2013.00401 

de Gelder, B., and Vroomen, J. (2000). The perception of emotions by ear and by 
eye. Cogn. Emot. 14,289-311. doi: 10.1080/026999300378824 

de Gelder, B., Vroomen, J., de Jong, S. J., Masthoff, E. D., Trompenaars, F. J., and 
Hodiamont, P. (2005). Multisensory integration of emotional faces and voices in 
schizophrenics. Schizophr. Res. 72, 195-203. doi: 10.1016/j.schres.2004.02.013 

de Jong, J., Hodiamont, P, Van Den Stock, J., and de Gelder, B. (2009). Audio- 
visual emotion recognition in schizophrenia: reduced integration of facial 
and vocal affect. Schizophr. Res. 107, 286-293. doi: 10.1016/j.schres.2008. 
10.001 

Delplanque, S., N'Diaye, K., Scherer, K., and Grandjean, D. (2007). Spatial frequen- 
cies or emotional effects? A systematic measure of spatial frequencies for lAPS 
pictures by a discrete wavelet analysis. /. Neurosci. Methods 165, 144-150. doi: 
10.1016/j.jneumeth.2007.05.030 

Edwards, J., Jackson, H. J., and Pattison, P. E. (2002). Emotion recognition via facial 
expression and affective prosody in schizophrenia: a methodological review. Clin. 
Psychol. Rev. 22, 789-832. doi: 10.1016/S0272-7358(02)00130-7 

Edwards, J., Pattison, P E., Jackson, H. J., and Wales, R. J. (2001). Facial affect and 
affective prosody recognition in first-episode schizophrenia. Schizophr. Res. 48, 
235-253. doi: 10.1016/S0920-9964(00)00099-2 

Ekman, P., and Friesen, W. (1978). Facial Action Coding System: A Technique for 
the Measurement of Facial Movement. Palo Alto, CA: Consulting Psychologist 
Press. 

Fakra, E., Salgado-Pineda, R, Delaveau, R, Hariri, A. R., and Blin, O. (2008). Neural 
bases of different cognitive strategies for facial affect processing in schizophrenia. 
Schizophr Res. 100, 191-205. doi: 10.1016/j.schres.2007.11.040 

Fiszdon, J. M., and Bell, M. D. (2009). Effects of presentation modality and 
valence on affect recognition performance in schizophrenia and healthy controls. 
Psychiatry Res. 170, 114-118. doi: 10.1016/j.psychres.2008.11.014 

Gold, R., Butler, P, Revheim, N., Leitman, D. I., Hansen, J. A., Gur, R. C, etal. 
(2012). Auditory emotion recognition impairments in schizophrenia: relation- 
ship to acoustic features and cognition. Am. J. Psychiatry 169, 424-432. doi: 
10.1 176/appi.ajp.2011. 11081230 

Grandjean, D., Banziger, T., and Scherer, K. R. (2006). Intonation as an interface 
between language and affect. Prog. Brain Res. 156, 235-247. doi: 10.1016/S0079- 
6123(06)56012-1 

Graybiel, A. M. (1997). The basal ganglia and cognitive pattern generators. 

Schizophr. Bull 23,459-469. doi: 10.1093/schbul/23.3.459 
Gur, R. E., Loughead, J., Kohler, C. G., Elliott, M. A., Lesko, K., Ruparel, K., 

etal. (2007). Limbic activation associated with misidentification of fearful faces 

and flat affect in schizophrenia. Arch. Gen. Psychiatry 64, 1356-1366. doi: 

lO.lOOl/archpsyc.64.12.1356 
Habel, U., Chechko, N., Pauly, K., Koch, K., Backes, V, Seiferth, N., etal. (2010). 

Neural correlates of emotion recognition in schizophrenia. Schizophr. Res. 122, 

113-123. doi: 10.1016/j.schres.2010.06.009 
Hoekert, M., Kahn, R. S., Pijnenborg, M., and Aleman, A. (2007). Impaired 

recognition and expression of emotional prosody in schizophrenia: review 

and meta-analysis. Schizophr. Res. 96, 135-145. doi: 10.1016/j.schres.2007. 

07.023 

Irani, E, KaUcstein, S., Moberg, E. A., and Moberg, P. J. (2011). Neuropsycho- 
logical performance in older patients with schizophrenia: a meta-analysis of 
cross-sectional and longitudinal studies. Schizophr. Bull 37, 1318-1326. doi: 
10.1093/schbul/sbq057 

Jahshan, C, Wynn, J. K., and Green, M. F. (2013). Relationship between auditory 
processing and affective prosody in schizophrenia. Schizophr. Res. 143, 348-353. 
doi: 10.1016/j.schres.2012.1 1.025 

Kantrowitz, J. T., Leitman, D. I., Lehrfeld, J. M., Laukka, P., Juslin, P. N., Butler, P 
D., etal. (2013). Reduction in tonal discriminations predicts receptive emotion 
processing deficits in schizophrenia and schizoaffective disorder. Schizophr. Bull. 
39, 86-93. doi: 10.1093/schbul/sbr060 

Kay, S. R., Fiszbein, A., and Opler, L. A. (1987). The positive and negative syn- 
drome scale (PANSS) for schizophrenia. Schizophr. Bull 13, 261-276. doi: 
10.1093/schbul/13.2.261 

Kee, K. S., Green, M. F., Mintz, J., and Brekke, J. S. (2003). Is emotion processing a 
predictor of functional outcome in schizophrenia? Schizophr. Bull 29, 487-497. 
doi: 10.1093/oxfordjournals.schbul.a007021 



w w w.f ro n t i e rs i n . o rg 



August 2014 | Volume 5 | Article 900 | 11 



Dondaine eta 



Biases in emotion recognition in scliizophrenia 



Kee, K. S., Kern, R. S., Marshall, B. D. Jr., and Green, M. F. (1998). Risperidone 
versus haloperidol for perception of emotion in treatment-resistant schizophre- 
nia: preliminary findings. Schizophr. Res. 31, 159-165. doi: 10.1016/S0920- 

9964(98)00026-7 

Kohler, C. G., Turner, T. H., Bilker, W. B., Brensinger, C. M., Siegel, S. 

J., Kanes, S. J., etal. (2003). Facial emotion recognition in schizophrenia: 

intensity effects and error pattern. Am. J. Psychiatry 160, 1768-1774. doi: 

10.1176/appi.ajp.l60.10.1768 
Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., and Moberg, P. J. (2010). 

Facial emotion perception in schizophrenia: a meta-analytic review. Schizophr. 

Bull 36, 1009-1019. doi: 10.1093/schbul/sbnl92 
Kring, A. M., and Elis, O. (2013). Emotion deficits in people with schizophrenia. 

Amu. Rev. Clin. Psychol. 9, 409-^33. doi: 10.1146/annurev-clinpsy-050212- 

185538 

Kucharska-Pietura, K., David, A. S., Masiak, M., and PhUlips, M. L. (2005). 
Perception of facial and vocal affect by people with schizophrenia in early 
and late stages of illness. Br. /. Psychiatry 187, 523-528. doi: 10.1192/bip. 
187.6.523 

Laprevote, V., Oliva, A., Delerue, C., Thomas, P., and Boucart, M. (2010). 
Patients with schizophrenia are biased toward low spatial frequency to 
decode facial expression at a glance. Neuropsychologia 48, 4164—4168. doi: 
10.1016/j.neuropsychologia.2010.10.017 

Lee, J., Gosselin, F., Wynn, J. K., and Green, M. F. (2011). How do schizophrenia 
patients use visual information to decode facial emotion? Schizophr Bull. 37, 
1001-1008. doi: 10.1093/schbul/sbq006 

Leitman, D. I., Foxe, J. J., Butler, P. D., Saperstein, A., Revheim, N., and 
Javitt, D. C. (2005). Sensory contributions to impaired prosodic processing 
in schizophrenia. Biol. Psychiatry 58, 56-61. doi: 10.1016/j.biopsych.2005. 
02.034 

Leitman, D. I., Hoptman, M. J., Foxe, ]. J., Saccente, E., Wylie, G. R., Nieren- 
berg, J., etal. (2007). The neural substrates of impaired prosodic detection in 
schizophrenia and its sensorial antecedents. Am. J. Psychiatry 164, 474-482. doi: 
10.1176/appi.ajp.l64.3.474 

Leitman, D. I., Laukka, P., Juslin, P. N., Saccente, E., Butler, P., and Javitt, 
D. C. (2010). Getting the cue: sensory contributions to auditory emotion 
recognition impairments in schizophrenia. Schizophr. Bull. 36, 545-556. doi: 
10.1093/schbul/sbnll5 

Leitman, D. I., Wolf, D. H., Laukka, P., Ragland, J. D., Valdez, J. N., Turetsky, 

B. I., etal. (2011a). Not pitch perfect: sensory contributions to affective com- 
munication impairment in schizophrenia. Biol. Psychiatry 70, 611-618. doi: 
10. 1016/j.biopsych.201 1 .05.032 

Leitman, D. I., Wolf, D. H., Longhead, J., Valdez, J. N., Kohler, C. G., Brensinger, 

C. , et al. (201 lb). Ventrolateral prefrontal cortex and the effects of task demand 
context on facial affect appraisal in schizophrenia. Soc. Cogn. Affect. Neurosci. 6, 
66-73. doi: 10.1093/scan/nsq018 

Lesh, T. A., Niendam, T. A., Minzenberg, M. J., and Carter, C. S. (2011). Cognitive 
control deficits in schizophrenia: mechanisms and meaning. Neuropsychophar- 
macology 36, 3 1 6-338. doi: 10.1 038/npp.20 10. 1 56 

Lundqvist, D., Flykt, A., and Ohman, A. (1998). The Karolinska Directed Emotional 
Faces - KDEF. Stockholm: Karolinsra Institutet. 

Mattis, S. (1988). Dementia Rating Scale. Odessa, FL: Ressources Inc. 

McBain, R., Norton, D., and Chen, Y. (2010). Differential roles of low and high 
spatial frequency content in abnormal facial emotion perception in schizophrenia. 
Schizophr. Res. 122, 151-155. doi: 10.1016/j.schres.2010.03.034 

Nelson, H. (1982). The National Adult Reading Test. Windsor: NFER-Nelson. 

Norton, D., Mcbain, R., Holt, D. J., Ongur, D., and Chen, Y. (2009). Asso- 
ciation of impaired facial affect recognition with basic facial and visual 
processing deficits in schizophrenia. Biol. Psychiatry 65, 1094-1098. doi: 
10.1016/j.biopsych.2009.01.026 

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edin- 
burgh inventory Neuropsychologia 9, 97-113. doi: 10.1016/0028-3932(71) 
90067-4 

Penn, D. L., Keefe, R. S., Davis, S. M., Meyer, R S., Perkins, D. O., Losardo, D., 
etal. (2009). The effects of antipsychotic medications on emotion perception in 
patients with chronic schizophrenia in the CATIE trial. Schizophr. Res. 115, 17—23. 
doi: 10.1016/j.schres.2009.08.016 

Peron, J., El Tamer, S., Grandjean, D., Leray, E., Travers, D., Drapier, D., 
etal. (2011). Major depressive disorder skews the recognition of emotional 



prosody. Prog. Neuropsychopharmacol. Biol. Psychiatry 35, 987-996. doi: 
10.1016/j.pnpbp.2011.01.019 
Peron, J., Fruhholz, S., Verin, M., and Grandjean, D. (2013). Subthala- 
mic nucleus: a key structure for emotional component synchronization in 
humans. Neurosci. Biohchav. Rev. 37, 358-373. doi: 10.1016/j.neubiorev.2013. 
01.001 

Peron, J., Grandjean, D., Le Jeune, F., Sauleau, P., Haegelen, C, Drapier, D., etal. 

(2010) . Recognition of emotional prosody is altered after subthalamic nucleus 
deep brain stimulation in Parkinson's disease. Neuropsychologia 48, 1053-1062. 
doi: 10.1016/j.neuropsychologia.2009.12.003 

Pinheiro, A. P., Del Re, E., Mezin, J., Nestor, P. G., Rauber, A., Mccarley, R. W., et al. 
(2013). Sensory-based and higher-order operations contribute to abnormal emo- 
tional prosody processing in schizophrenia: an electrophysiological investigation. 
Psychol. Med. 43, 603-618. doi: 10.1017/S003329171200133X 

Pinkham, A. E., Brensinger, C, Kohler, C, Gur, R. E., and Gur, R. C. 

(2011) . Actively paranoid patients with schizophrenia over attribute anger 
to neutral feces. Schizophr. Res. 125, 174-178. doi: 10.1016/j.schres.2010. 
11.006 

Poulton, E. (1982). Influential companions: effects of one strategy on another in the 
within-subjects designs of cognitive psychology. Psychol. Bull. 91, 673-690. doi: 
10.1037/0033-2909.91.3.673 

Premkumar, P., Cooke, M. A., Fannon, D., Peters, E., Michel, T. M., 
Aasen, I., etal. (2008). Misattribution bias of threat-related facial expres- 
sions is related to a longer duration of illness and poor executive function 
in schizophrenia and schizoaffective disorder. Eur. Psychiatry 23, 14—19. doi: 
10. 1016/j.eurpsy.2007. 10.004 

Ramos-Loyo, J., Mora-Reynoso, L., Sanchez-Loyo, L. M., and Medina-Hernandez, 
V. (2012). Sex differences in facial, prosodic, and social context emotional recog- 
nition in early-onset schizophrenia. Schizophr. Res. Treat. 2012, 584725. doi: 
10.1155/2012/584725 

Reitan, R. (1958). Validity of the trail making test as an indication of organic brain 
domage. Percept. Mot. Skills 8, 271-276. doi: 10.2466/pms. 1958.8.3.271 

Rolls, E. T, Loh, M., Deco, G., and Winterer, G. (2008). Computational models 
of schizophrenia and dopamine modulation in the prefi-ontal cortex. Nat. Rev. 
Neurosci. 9, 696-709. doi: 10.1038/nrn2462 

Roux, P., Christophe, A., and Passerieux, C. (2010). The emotional 
paradox: dissociation between explicit and implicit processing of emo- 
tional prosody in schizophrenia. Neuropsychologia 48, 3642-3649. doi: 
10.101 6/j.neuropsychologia.20 1 0.08.02 1 

Salgado-Pineda, P., Delaveau, P., Blin, O., and NieouUon, A. (2005). Dopaminergic 
contribution to the regulation of emotional perception. Clin. Neuropharmacol. 
28,228-237. doi: 10.1097/01.wnf.0000185824.57690.f0 

Shea, T. L., Sergejew, A. A., Burnham, D., Jones, C, Rossell, S. L., Copolov, D. L., et al. 
(2007). Emotional prosodic processing in auditory hallucinations. Schizophr. Res. 
90,214-220. doi: 10.1016/j.schres.2006.09.021 

Sheehan, D. V, Lecrubier, Y, Sheehan, K. H., Amorim, P., Janavs, J., Weiller, 
E., etal. (1998). The Mini-International Neuropsychiatric Interview (M.I.N. I.): 
the development and validation of a structured diagnostic psychiatric inter- 
view for DSM-IV and ICD-IO. /. Clin. Psychiatry 59(Suppl. 20), 22-33; 
quiz 34-57. 

Stroop, J. (1935). Studies of interference in serial verbal reactions. /. Exp. Psychol. 
18, 643-662. doi: 10.1037/h0054651 

Thaler, N. S., Strauss, G. R, Sutton, G. R, Vertinski, M., Ringdahl, 
E. N., Snyder, J. S., etal. (2013). Emotion perception abnormalities 
across sensory modalities in bipolar disorder with psychotic features and 
schizophrenia. Schizophr. Res. 147, 287-292. doi: I0.1016/j.schres.20I3. 
04.001 

Tremeau, F. (2006). A review of emotion deficits in schizophrenia. Dialogues Clin. 
Neurosci. 8, 59-70. 

Turetsky, B. I., Kohler, C. G., Indersmitten, T, Bhati, M. T, Charbonnier, D., and 
Gur, R. C. (2007). Facial emotion recognition in schizophrenia: when and why 
does it go awry? Schizophr. Res. 94, 253-263. doi: 10.1016/j.schres.2007.05.001 

Vercammen, A., Morris, R., Green, M. J., Lenroot, R., Kulkarni, J., Carr, V. J., 
etal. (2012). Reduced neural activity of the prefrontal cognitive control cir- 
cuitry during response inhibition to negative words in people with schizophrenia. 
/. Psychiatry Neurosci. 37, 379-388. doi: I0.1503/jpn.ll0088 

Wechsler, D. (1997). Wechsler Adult Intelligence Scale-Third Edition. San Antonio: 
The Psychological Corporation. 



Frontiers in Psychology | Psychopathology 



August 2014 | Volume 5 | Article 900 1 12 



Dondaine eta 



Biases in emotion recognition in scliizophrenia 



Weiss, E. M., Kohler, C. G., Brensinger, C. M., Bilker, W. B., Loughead, J., 
Delazer, M., etal. (2007). Gender differences in facial emotion recognition 
in persons with chronic schizophrenia. Eur. Psychiatry 22, 116-122. doi; 
10.1016/j.eurpsy.2006.05.003 

Wynn, J. K., Lee, J., Horan, W. P., and Green, M. F. (2008). Using 
event related potentials to explore stages of facial affect recognition deficits 
in schizophrenia. Schizophr. Bull. 34, 679-687. doi: 10.1093/schbul/ 
sbn047 

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 



Received: 26 January 2014; accepted: 29 July 2014; published online: 22 August 2014. 
Citation: Dondaine T, Robert G, Peron J, Grandjean D, Verin M, Drapier D and Millet 
B (2014) Biases in facial and vocal emotion recognition in chronic schizophrenia. Front. 
Psychol. 5:900. doi: 10.3389/fpsyg.2014.00900 

This article was submitted to Psychopathology, a section of the journal Frontiers in 
Psychology. 

Copyright © 2014 Dondaine, Robert, Peron, Grandjean, Verin, Drapier and Millet. 
This is an open-access article distributed under the teriui of tlic Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums is 
permitted, provided the original author(s) or licensor are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms. 



www.frontiersin.org 



August 2014 | Volume 5 | Article 900 1 13 



